Agricultural Research and Development (R&D) investments contribute greatly to economic growth, agricultural development and poverty reduction in developing countries. This paper examines the financial investment and expenditure trends in agricultural R&D in Ghana with emphasis on the Council for Scientific and Industrial Research (CSIR) and the implication for the policies driving agricultural research in Ghana. Data from Agricultural Science & Technology Indicator (ASTI) and in-depth studies on agricultural R&D in Ghana were used. Purposive sampling was used to gather data in thirteen agricultural research institutes and five public universities in Ghana. Through questionnaire administration, data were collected and analyzed using descriptive statistics. The study revealed that, total public agricultural R&D expenditure had increased by 59 per cent from 42.5 million ( 
Introduction
Rising food prices are globally compounding the challenges of hunger and poverty [1] . In the next fifty years agricultural production needs to be increased more than ever before in spite of the fixed amounts of arable land, dwindling water resources, population increase, decreasing soil fertility and the impact of climate change [2] - [4] . These challenges have placed high demand for new technologies to achieve increased agricultural productivity, food security and the post-2015 development goals related to poverty and hunger as well as nutrition and health. This objective can be achieved through investment in agricultural R&D [5] [6] .
Considering that agriculture holds the key to Africa's development, the African Union in 2003 came up with the Maputo Declaration which enjoins member states to increase agricultural investments to at least 10 per cent of their national budgets [7] . The goal was to increase annual agricultural productivity by 6 per cent over the next 20 years. To this end, it called for an investment into the agricultural sector with the chunk of the investments going into agricultural research, extension and education systems; and institutional reforms that will increase the efficiency and effectiveness of the spending on research and extension [7] . Agriculture plays a central role in promoting growth and poverty reduction in the Ghanaian economy. A central objective in Ghana Shared Growth and Development Agenda (GSGDA) is for the agricultural sector to "play a critical role in the transformation of the country's economy" [4] [8] . This emphasis on agriculture is still underscored with the global adoption of the Sustainable Development Goals (SDGs) in September 2015. Goal 2 of the SDGs aims to end hunger, achieve food security, improve nutrition and promote sustainable agriculture. Promoting sustainable agriculture must be knowledge-based and must ensure resource availability for the generation and application of knowledge. Agriculture sector continues to be the mainstay of the economy of Ghana and also an avenue for job creation especially in the rural areas. The sector has enjoyed sustained growth over the past few years recording growth rates of 6 per cent and 6.1 per cent in 2008 and 2009 respectively. In Ghana, the agricultural sector performance has direct link with other sectors of the economy. It contributed over 22 per cent of Gross Domestic Product (GDP) in 2014 and this amounted to 23,640 million Ghana Cedis (Institute of Social Statistical and Economic Research) [9] .
Agricultural research has generated several kinds of technology with the high potential for impact in sub Saharan Africa, though the direct impact on farmers' productivity, livelihood and quality of life has been brought into question [10] .
As an investment, it has been shown again and again to deliver high returns, in terms of both financial benefits [11] and broader livelihood impacts [12] . Similarly, Chen and Demurger 2002, FAO 2001 cited in [13] reported that investment and technology are the prerequisite for agricultural growth and development. Increased government spending on agriculture has been linked to the ability of east and south Asian countries to achieving the Millennium Development Goals [14] . The importance and the gains made by the agricultural sector over the years could be partly attributed to the existence of strong agricultural Research and Development offering technical support to the sector and upon which the future of agriculture in Africa depends.
The interest in the study of investments in agricultural Research and Development (R&D) in Ghana stems from evidence which supports the fact that all over the world, investments in Agricultural R&D have immensely enhanced agricultural productivity [15] [16] leading to higher incomes, lower poverty levels and greater food security among others, albeit with a long time lag. Also analyzing public agriculture expenditure highlights the importance of the composition of agricultural spending, as different types of agricultural spending can affect agricultural growth differently [17] [18] . Of all types of agricultural expenditures, spending on agricultural research and development is crucial to growth in agriculture. Despite its numerous potential, agricultural research is in crisis on the African continent with its capacity constrained by a combination of government neglect and externally imposed policy conditionality. This has resulted in a significant loss of key personnel and the undermining of locally based contextually relevant research efforts [19] .
Funding and investments in agricultural R&D are some of the critical issues affecting research activities in many developing countries including Ghana. Over the years, serious concern has been raised about the increasing decline in funding of actual agricultural R&D activities in Ghana in spite of increase in public agricultural R&D spending in the past decade. At the same time, sources of funding to support agricultural R&D have been a major challenge for many countries in Africa [20] . It is against this background, that this paper presents the long term trends in public agricultural R&D expenditure and sources of investment in Ghana. The overall objective of this paper is to identify factors underlying public agricultural expenditure and investments in Ghana from 2000-2011 with the focus on the Council for Scientific and Industrial Research (CSIR), the main R&D organization in Ghana. The paper identifies intensity ratio and volatility trends for the period 2000 to 2011, highlights constraints of agriculture R&D investment and makes recommendations for agriculture policy in Ghana.
National Agricultural Research System (NARS) and the CSIR
Agricultural research is fundamental to enhancing Ghana's agricultural productivity. To this end, Ghana has created a National Agricultural Research System (NARS) that spans research institutes, tertiary educational institutions, and other organizations. How effective the NARS has been in enhancing agricultural practices and productivity in Ghana is a fundamental question of concern to all stakeholders, including policymakers, farmers, researchers, and development workers. Ghana's main agency for agricultural R&D is the Council for Scientific and Industrial Research (CSIR) and its 13 research institutes, of which 10 are engaged in agricultural and related research activities.
The CSIR provides the main research institutional framework for agricultural technology development and innovation. Other agricultural research institutions outside of the CSIR also exist including the Cocoa Research Institute of Ghana (CRIG), Biotechnology Nuclear Agricultural Research Institute (BNARI) and the Marine Fisheries Research Division (MFRD). This is complemented by research work in tertiary educational institutions.
Council for Scientific and Industrial Research
The Council for Scientific and Industrial Research (CSIR) is operating fairly autonomously under the Ministry of Environment, Science, Technology, and Innovation (MESTI). CSIR is the largest and main R&D agency in Ghana which was established in 1968. The Council for Scientific and Industrial Research Act, 1996, Act 521-the law that created CSIR-categorically stipulates 14 functions for the institution, including:
• To pursue the implementation of government policies on scientific research and development.
• To encourage in the national interest, scientific and industrial research of importance for the development of agriculture, health, medicine, environment, technology, and other service sectors, and to this end, to encourage close linkages with the productive sectors of the economy [21] . The CSIR over the years have made efforts to address its institutional mandate. Whilst there are question marks on the extent to which it has impacted on agriculture in Ghana in terms of technological transformation, there is evidence that there are positive contributions to agricultural development with the release of agricultural technologies over the years developed by CSIR researchers. A desk review and scientist survey conducted by CSIR-STEPRI and IFPRI in 2010 showed that, out of the 109 agricultural technologies generated and identified in Ghana, 91 per cent of them were developed by CSIR researchers and the remaining by the Universities [22] . Though this contribution from CSIR may not have met the expectation of policy makers and other stakeholders, it however shows the important role CSIR plays in the development of the agricultural sector through research and development and transfer of technologies to farmers.
Methodology
The analysis in this paper is based on comprehensive data sets derived from primary surveys conducted in Gha- To facilitate cross country comparisons, all financial data from the ASTI survey have been converted to 2005 purchasing power parity (PPP) prices using the World Bank's, World Development Indicators [23] . Purposive sampling was used to sample 13 agricultural research institutes and five higher educational institutions across the country for the ASTI survey, while 10 agricultural research institutes of CSIR were purposively selected for the in-depth study in Ghana. Through interview and questionnaire administration, primary data on agricultural R&D human resource capacity, financial resources and expenditures, research infrastructure and resources and outputs was collected and supplemented by secondary data from institutes' annual reports for analysis.
Results and Discussion

Trends in Agricultural R&D 2000-2011
The contribution of agricultural researchers to national development through agricultural R&D is very crucial as this is reflected in agricultural output such as the release of new technologies as well as agricultural productivity in general. (Figure 1) . CSIR is the dominant contributor to the total number of agricultural researchers in Ghana contributing about 68 per cent while the higher educational institutions and other non-CSIR government research institutions are complementary contributors. Beyond CSIR, 57 departments of agriculture of public higher educational institutions and two non-CSIR government institutes-CRIG and MFRD were involved in the study. This also highlights the importance of CSIR in the NARS in Ghana and therefore the performance of CSIR to some extent has a direct link with the performance of the agricultural sector.
The study revealed that, the trend in public agricultural R&D expenditure as shown in 
CSIR Agricultural R&D Expenditure by Cost Category
The contribution of CSIR to the total agricultural R&D expenditure is quite significant and this constitutes about 50 per cent of the total for the country, showing an increase of 42 per cent over the period considering government-funded expenditures. The expenditure for CSIR by cost category follows similar pattern to that of the total agricultural R&D expenditure. On the average, salary of staff accounted for 78 per cent of the total agricultural R&D expenditure in CSIR, while operating and program cost and capital investments accounted for 20 per cent and 2 per cent respectively. The study showed a drastic decline in capital investments from an already low 6.7 per cent in 2000 to 0.1 per cent in 2011 (Figure 3) . This phenomenon indicates the priority of the government as far as agricultural R&D in Ghana is concerned. The government seems to be interested in only getting researchers paid without the provision of requisite financial resources to work and the infrastructure for R&D which are of utmost importance. The drastic decline in capital investment means that there is virtually no investment in infrastructural development. Consequently, development, maintenance, rehabilitation and operation of infrastructure such as laboratories, offices and equipment for research and development have become a major challenge confronting the institutes. A recent study of Ghana's science equipment policy underscored the deficiencies in Ghana's scientific laboratory infrastructure including CSIR, and called for upgrading laboratories and equipment [24] . These findings and recommendations could not have come at a better time than now that there is serious dwindling in government budgetary allocation for capital investment to CSIR. The onus now is on the institutes to look for funds from other sources to address this shortfall in funds from the central government.
CSIR Agricultural R&D Investment Sources
The funding for agricultural R&D in Ghana are obtained from various sources but mainly government, donors, development banks' loans, sale of goods and services and other sources. (Figure 4) . Conventionally the government being the dominant source of funding to CSIR institutes has been the norm considering the fact that the organization is a public entity that needs to be maintained with public funding. The process of sourcing funding from government by public institutions begins with presenting and defending budgets to the government through the Ministry of Finance. The approved budget after defense is much less than the requested funding. For instance, in the year 2010, only 41 per cent of the total budget presented by CSIR was actually approved [25] . As the payment of salaries and wages is the government priority over the others, anytime there is a cut in the presented budgets, it does not affect Personnel Emolument (PE) as a result approved budget for personnel compensation is close to the actual disbursement. Unlike PE for staff which has seen a gradual increase from 2009 to 2012 with no marked difference between budgeted and actually disburse amount, funds for recurrent expenditure for the operation activities of the institutes have experienced a continuous decline since 2010 to 2012 from 2.5 to 1.6 million Ghana Cedis ( See Figure 6) . Funding for recurrent expenditure also showed a similar pattern as PE except that in 2012 there was a shortfall of 25 per cent between the budgeted and disbursed funds (Figure 6) . The recurrent component is where the operational budget for the institutes lies. Any shortfall definitely affects R&D activities. However, the study has shown that, government is aware that various donor agencies and funding sources fill the gaps in funding resources for CSIR. Currently the actual disbursement of the recurrent component of government subvention is less than the approved.
The trend in development expenditure (capital investment) showed a very different pattern with a much larger difference between the approved and disbursed budget. From 2009 to 2012, actual disbursement of the approved budget was only 15 per cent. This share would have been lower if 2011 were excluded. Apart from 2011 when 80 per cent of budgeted were actually disbursed to CSIR, for all the other years no fund was disbursed from the government to cover this expenditure (Figure 7) . The trend has serious implications on the core agricultural research activities as infrastructure and modern equipment to support research is likely to be affected due to limited Non-government sources of funding are becoming increasingly significant in CSIR's operations. Given the continuing decrease in the recurrent component of the budget and the government's plans to wean scientific institutions such as CSIR off government funding, donor agencies are expected to play much greater roles in meeting Ghana's R&D needs. However, further analysis of non-government source of funding for agriculture R&D is beyond the scope of this paper.
Options for Policy Thrusts
The study highlights a trend in increases in Ghana in the general public agricultural R&D expenditure in respectively. This increase in spending over the period according to the underlying cost category breakdown reveals that different factors drove the growth. However, the increase does not necessarily demonstrate a resounding policy resolve for effective funding of agricultural R&D such as which enhances knowledge infusion for growth-oriented and sustainable agriculture. The rapid increase in CSIR agricultural R&D spending was driven mainly by the increase salary expenditure rather than expanded funding of research activities or greater investment in equipment or infrastructure. This is illustrated in the analysis of the funding trends in the three main categories of salary, operations and infrastructural development.
Government funds the bulk of agriculture R&D budget at CSIR. Support from donors and development banks, proceeds from CSIR institutes' commercial activities and consultancies complement the government support. Generally there is always some difference in the approved and the actually disbursed budget to CSIR. On the average, the actually disbursed budget from government represents about 45 per cent presented to government for approval leaving a significant shortfall in funding. This shortfall mainly affects the operational and capital investment budgets which are critical in the operation of agricultural research in Ghana. The shortfall is normally taken up by non-governmental sources of funding such as donor and development banks, regional agencies, and domestic sources. These sources play a significant role in CSIR operations given the continuous decline of recurrent and capital investment component of the budget.
The volatility in the agricultural R&D spending is one of the indicators used in assessing the level of investments in agricultural R&D across countries in the sub Saharan Africa (SSA). This indicator is drawn from a commonly used method of calculation price volatility in finance and output volatility in macroeconomics. Volatility analysis conducted on the agricultural R&D spending at CSIR over the period 2000-2011 revealed some Actual disbursed development degree of volatility in R&D spending from one year to the other with a volatility coefficient of 0.14 which signifies moderate volatility [26] - [28] . This therefore means that there is no constant inflow of funding over the period to support agricultural R&D activities. This fluctuating pattern can be attributed to uneven investment into agricultural R&D especially from donors and development banks that are important sources of funding for agricultural R&D activities in Ghana and the decline in government support to actual agricultural R&D activities. Again the agricultural research intensity ratio which is a measure of total agricultural R&D spending as a percentage of agriculture output (AgGDP) was calculated for Ghana with an average of 0.62. This is below the investment target of 1 per cent of agriculture GDP or more into agricultural research, which is indicative of the importance the government attaches to agricultural research in Ghana and therefore places emphasis on more sustained, reliable and regular funding from government in order to meet the overall goals enhanced productivity in the agricultural sector.
Currently the key policy consideration with respect to funding agricultural R&D is the government intention of weaning off CSIR of its public funding. Above all, the government has emphasized commercialization of CSIR as a whole as a result of which the R&D resources from government is dwindling. While this goal is a laudable one and falls in tune with the establishment vision of the CSIR as expressed in Act 521 of 1996, the expectation of the government to achieve this in the very near future is unrealistic. In general less than 4 per cent of CSIR's total budgetary requirement is internally generated and increasing this to even 10 per cent in the next two years calls for some drastic measures. The goal of turning the CSIR into a financially independent agricultural R&D institution needs to be carefully thought through.
Conclusions and Policy Recommendations
The study brought to the fore the need for a more strengthened and feasible commercialization policy for the public agricultural research institutes in Ghana. This has become necessary in order to get good returns on research innovations and technologies given out to farmers and the general public who are the main recipients of research outputs. These innovations and technologies are developed through lengthy and exacting Research and Development (R&D) regime with both material and financial support from the government, donor agencies and development banks. But the challenge to this strategy of improving the internal commercialization policy is how to change the public perception of CSIR and the likes as public institutions offering public good for that matter, do not expect to commercialize research findings and technologies to be sold. Clearly, there is the need for the formulation of a strategy that will promote the aggressive propagation of all research output of CSIR for commercial gain.
It is also recommended that partnership with the private sector for the commercialization of the research outputs be vigorously pursued. As indicated, agriculture and agribusiness promises great wealth for Africa. Research establishments such as the CSIR have great potential in tapping into such wealth given that the knowledge base for more productive agriculture rests with these establishments. A strong orientation of the CSIR to business and market principles in its operations is very necessary. This however needs to balance carefully with the general principle of promoting agricultural technologies for achieving development goals such as poverty reduction and eradication of hunger, which are at the core of the SDGs.
The volatility in the agricultural R&D spending trend can be attributed to donor and development banks support to agricultural research which turn to vary from one year to the other an indication of an irregular source of funding. This therefore affects planning of research regime which is mostly long term in nature. Donor support is generally short-term and ad hoc and this calls into question the long-term effectiveness and efficiency of this type of funding. It also indicates the unreliable nature of donor support to agricultural R&D; another contributory factor to the volatility in the agricultural spending is the continuous decline in government budget for research activities in CSIR. It implies the need for a new policy direction which will ensure more sustainable sources of funding for agricultural research at CSIR. Again there is the need for coordination of donor support with national priorities. Establishment of national competitive funds for agricultural research will go a long way in addressing the challenge for a regular, reliable and sustainable funding for agricultural research in Ghana.
In the face of declining funding for agricultural R&D, there is the need for a policy that will facilitate and guide close collaboration of CSIR with other agencies in the National Agriculture Research System (NARS) to pool resources to work on common research projects for national development to ensure effective use of resources. More importantly, government responsibility for funding agricultural R&D must be emphasized.
